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DUAL-MODE TRANSMITTER FOR RAILROAD CROSSINGS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

The present application is a continuation-in-part of U.S. Patent Application Serial 
No. 10/735,525, which was filed on December 11, 2003, by George Derome, et al for a 
DUAL-MODE TRANSMITTER, which is a continuation-in-part of U.S. Patent Applica- 
tion Serial No. 09/382,763, which was filed on August 25, 1999, by George Derome, et 
al for a DUAL-MODE TRANSMITTER and which applications are hereby incorporated 
by reference. 

FIELD OF THE INVENTION 

The present invention relates to emergency and non-emergency transmitters, in particular, 
to dual-mode transmitters for short-range override of commercial broadcast for use at 
railroad crossings. 

BACKGROUND OF THE INVENTION 

Conventional railroad crossings that include flashing lights, audible alarms and 
moving arms that block a road crossing help ensure that automobiles do not cross a rail- 
road track while a train is approaching. However, such conventional railroad crossing 
apparatus is expensive to install and maintain, especially in the large numbers required 
along the length of railroad tracks across the continental United States. 

Railroad warning systems that lack movable arms to physically obstruct the 
roadway are less expensive and are commonplace, especially in rural areas. However, in 
modern automobiles, the audible sounds may not be heard, especially if the driver is lis- 
tening to a radio while driving. In such situations, a driver of an automobile may not hear 
the audible warning bells from the railroad crossing, which may result in a catastrophic 
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locomotive-automobile collision. One solution is to replace the audible warning systems 
with a tone-modulated radio transmitter that will alert automobile drivers listening to 
their radio of an approaching train. 

Simple tone-modulated warning transmitters which sweep the broadcast bands 
often sound like common man-made interference, thereby offering insufficient informa- 
tion to the listener to determine that there is an emergency and what action could or 
should be taken. Moreover, if the listener cannot determine that a train is approaching, 
such simple warning systems will only distract and annoy the listeners, causing them to 
be even less responsive to the approaching train. Also, the sweep or stepping of a single 
carrier through the broadcast band(s) favors simple alarm tone modulation as alarm voice 
messages would never be heard in their entirety if complete coverage of the broadcast 
band(s) by a single swept carrier is to be provided in reasonable time. 

Full band transmissions which saturate the entire broadcast band(s) require sig- 
nificant amounts of carefully controlled radiated power to be effective at anyone fre- 
quency. Such high power requirements are not well suited to railroad crossing applica- 
tions, where the power is typically supplied by battery and/or solar power arrays. 

SUMMARY OF THE INVENTION 

The disadvantages of the prior art are overcome by providing a dual-mode trans- 
mitter for railroad crossings. The dual-mode transmitter may be located on a railroad 
crossing pole or otherwise in the vicinity of a railroad crossing. A control transmitter lo- 
cated on an approaching locomotive sends a control signal to the dual-mode transmitter. 
A control module within the dual-mode transmitter receives the control signal and acti- 
vates the dual-mode transmitter to transmit an audio message alerting automobiles within 
range of the transmitter. 

The transmitter according to the present invention comprises a first signal gen- 
erator for simultaneously providing a plurality of selectively (e.g. regularly or arbitrarily) 
spaced carriers having frequency spacings corresponding to the individual channels of the 
band to be covered and selectively providing amplitude modulation when used for the 
AM broadcast band, and a second signal generator providing an FM modulated signal, 
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which when combined with the signal from the first signal generator, covers various por- 
tions of the PM broadcast band to provide complete coverage thereof. Thus, the present 
invention provides a frequency-agile, multi-carrier, multi-mode and multi-band alarm 
transmitter having a selectable voice message which overrides broadcast signals as re- 
5 ceived by vehicle listeners in the vicinity of the railroad crossings. 

A plurality of signals are generated in a portion of a selected band and modulated, 
according to the selected band mode, with a pre-stored and selectable voice alarm mes- 
sage^). According to the present invention, the portion of the band is changed to provide 
coverage of the entire broadcast band, the broadcast band is also changed, and/or the 
10 message is changed to provide effective emergency notification to vehicles and/or listen- 
ers in proximity (up to a maximum legal range) of the responding emergency vehicle is- 
suing the alarm transmission. 

A second control transmitter, typically located on the last train of the locomotive, 
sends a second control signal as it passes the railroad crossing. The second control signal 
15 (or completion signal) is received by the control module of the dual-mode transmitter, 
which then deactivates its transmission. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and further advantages of invention may be understood by referring to 
the following description in conjunction with the accompanying drawings in which like 
20 reference numerals indicate identical or functionally similar elements: 

Fig. 1 is a schematic block diagram of an exemplary embodiment of the present 
invention; 

Fig. 2A is a time-domain plot of a non-optimized waveform relevant to the first 
signal generator of the embodiment of Fig. 1; 
25 Fig. 2B is a time-domain plot of an optimized waveform relevant to the first sig- 

nal generator of the embodiment of Fig. 1; 

Fig. 3 is a schematic block diagram of an exemplary railroad crossing warning 
system showing placement of a dual-mode transmitter in accordance with an embodiment 
of the present invention; and 
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Fig. 4 is a flowchart detailing the steps of procedure performed in utilizing the 
dual-mode transmitter in accordance with an embodiment of the present invention. 

DETAILED DESCRIPTION OF AN ILLUSTRATIVE 

EMBODIMENT 

In accordance with the illustrative embodiment of the present invention, the dual- 
mode transmitter is configured to utilize a separate control receiver/module and antenna 
to communicate with the control transmitter. However, it is expressly contemplated that 
in alternate embodiments, a single antenna may be utilized for both the control module 
and for the transmitter. 

One embodiment 100 of the dual-mode alarm transmitter according to the present 
is shown in Fig. 1, wherein an Amplitude Modulated (AM) signal is provided which has 
frequency components substantially coinciding with the individual channel frequencies in 
the AM broadcast band and in sufficient plurality to cover substantially the entire AM 
broadcast band. A wave shape, preselected for particular spectral components is loaded 
into a wave RAM 54 from the microprocessor 90 via buffer 88 when the transmitter is 
prepared for transmission into a particular broadcast band. The data output from the wave 
RAM 54 is received by a digital-to-analog converter (DAC) 56 which provides an analog 
output signal having the desired frequency components, and provides amplitude modula- 
tion (via the DAC reference signal input) according to an analog message signal received. 

The analog message signal is provided by an analog audio memory 66 (or 
equivalent) such as an ISD1416, which provides one or more pre-stored or recordable 
voice, tone or other audible messages as controlled by the microprocessor 90. In addition, 
a microphone 67 signal may be substituted by manual switch override (not shown) for 
broadcast of explicit emergency directions or other information. 

The wave RAM 54 is clocked (sequentially addressed by counter 52) at a high 
rate, e.g. at least several MHz when enabled by the microprocessor 90 to provide a DAC 
signal output 58 in the range of interest, e.g. 100 KHz to 4 MHz in the present embodi- 
ment. A low-pass filter (LPF) 59 (Fc = 4 MHz) follows to remove any incidental spurious 
signals from the DAC output 58. 
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According to this embodiment of the present invention, the waveform stored in 
the wave RAM 54 is clocked at a substantially constant rate, yet produces a DAC 56 out- 
put signal having selected frequency components which substantially coincide with se- 
lected AM channels (e.g. every 10 KHz) over substantially the entire AM broadcast band. 
Alternate embodiments provide segmenting the AM broadcast band into multiple, peri- 
odically selected band sections comprising contiguous blocks of frequency components 
for contiguous channels, for interleaved groups of frequencies (e.g. every other band 
channel) or for combinations thereof, and may be provided by selected waveforms stored 
in the wave RAM 54. In the embodiments providing alternating groups of frequencies, 
another specified waveform is loaded into the wave RAM 54 for the selected corre- 
sponding frequency set. 

The exemplary wave shape providing the desired frequency composition (e.g. at 
the broadcast band channel and spacing frequencies), is exemplified by waveform 102, 
which has a crest factor ratio of maximum to minimum signal, (e.g. 4.8 for Fig. 2 A) pro- 
vides undesired modulation clipping and other non-linearities resulting in undesired in- 
termodulation products, wasting energy at the transmitted output and providing spurious 
spectral output which would require additional filtering to remove or reduce such un- 
wanted spectral components to acceptable levels. According to the present invention, the 
exemplary waveform 104 (Fig. 2B) has adjusted carrier phase relationships to provide the 
desired output signals and provide a markedly improved crest factor (e.g. from 4.8 to 2.6 
for the waves shown) to reduced transmitted signal intermodulation products and to 
spread the remaining intermodulation products over a wider band of frequencies at a 
lower amplitude. 

According to an illustrative embodiment of the present invention, the set of carri- 
ers to be produced is selected (to coincide with the desired band frequencies) as a sum of 
sine waves. Then, the phase of each wave s changed randomly in a Monte Carlo-style 
process. After each set of random changes to each set of carriers, a figure of merit (e.g. 
amplitude variance) is computed. The figure of merit is computed by dividing a trial 
waveform into segments (e.g. ten) in the time domain, and the RMS voltage is computed 
for each of the segments. The statistical variance (i.e. the figure of merit) is computed for 
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the set of RMS voltages, and minimized to spread the energy in the waveform evenly in 
the time domain. The process repeats until the figure of merit ceases to improve signifi- 
cantly. 

Thus the crest factor is reduced, providing a 20 dB to 40 dB reduction in the peak 
amplitudes of the intermodulation products outside the frequency range of the set of car- 
riers being produced, depending on the spacing of the carriers and results of the optimi- 
zation process. Alternate embodiments according to the present invention provide a wave 
shape further optimized by varying randomly the center frequencies of each carrier by a 
small amount (e.g. 0.1% to 1.0 %), which further spreads out the intermodulation prod- 
ucts, yielding an additional 5 -10 dB reduction in the peak value of each intermodulation 
product in some frequency regions. Moreover, the small variation in center frequency is 
insignificant to the reception of the transmitted signal. 

The amplitude-modulated signal provided by the DAC 56 is amplified by amplifi- 
ers 76, 80 and sent via switch 86B, or via the mixer 74 with the oscillator 70 disabled, to 
the switch 84 via switches 86C and 86D, and low-pass filters 80 and 62 (Fc = 1.2/1.6 
MHz) to restrict the radiated power to the (AM) band to be covered. The amplifiers 76, 
80 are typically IC or discrete components selected to provide a sufficient AM power 
output, i.e. several hundred milliwatts in this embodiment. 

A frequency modulated multi-carrier alarm signal is provided in the present em- 
bodiment 100 by loading the wave RAM 54 with a signal having frequency components 
which coincide to multiples of the FM broadcast band channel spacing, e.g. 200 KHz in 
the U.S., and a sufficient bandwidth to cover a substantial portion of the FM band, e.g. 4 
MHz and having the desired crest factor as described, above. The DAC 56 output signal 
is received by a mixer which also receives a selectable frequency signal from a frequency 
synthesizer, comprising a voltage controlled oscillator (VCO) 70, amplifier 68B and fre- 
quency synthesizer divider and phase detector 72, as controlled by the microprocessor 90. 
The mixer 74 provides both upper and lower sidebands from the signals mixed. For ex- 
ample, a 4 MHz wide signal (from DAC 56) and a 92.1 MHz signal from the VCO 70 
provides a broad group of signals within the range of 88.1 -96.1 MHz, thereby covering a 
substantial portion of the FM band. The frequency synthesizer is then adjusted by the mi- 
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croprocessor 90 to provide a higher frequency signal, e.g. 98 MHz to provide a mixer 74 
output signals in the range of 94.1 - 102.1 MHz, and then a final VCO frequency, e.g. 
104 MHz to provide coverage of the remaining 100.1-107.9 MHz portion of the FM 
band, with overlap (as illustrated) if desired. 

The many signals from the mixer 74 within the portion (e.g. 8 MHz wide) of the 
FM band are all simultaneously frequency modulated by adding an audio signal from the 
audio memory 66 to the amplifier 68B which also receives the phase detector (error) sig- 
nal used within the frequency synthesizer circuit. The FM signals from the mixer 74 are 
received by the switch 84 via switches 86C and 96D after sufficient amplification by am- 
plifiers 76, 80 and filtering by low-pass (Fc = 120 MHz) and band-pass filters (80 -120 
MHz), 78 and 82 respectively, to provide an acceptable FM transmitted signal of several 
hundred milliwatts power, in the present embodiment of Fig. 1 . While the present em- 
bodiment incorporates wide-band, linear amplifiers 76, 25 80 for both the AM and FM 
bands, alternate embodiments may comprise separately configured amplifiers for the re- 
spective band and mode of modulation. 

In accordance with the illustrative embodiment, a control antenna 1 10 is con- 
nected to a control receiver 105 for reception of control transmissions from onboard 
trains. The control receiver 105 receives transmissions from a control transmitter 115 
and associated antenna 120 located onboard a locomotive. The control receiver feeds re- 
ceived signals to a control module 89 for processing. When the control module detects 
an initial control signal, the control module 89 activates the dual-mode transmitter and 
begins broadcasting the stored message. When the radiated AM/FM signal is radiated, the 
antenna 64 is selected by control module 89. When AM band coverage is desired, 
switches 86A and 86B disable the FM signal from proceeding by grounding, and when 
FM band coverage is desired, the AM signal is inhibited, or grounded as shown, at points 
in the signal path, such as before the power amplifiers 60 and 80 and elsewhere, which 
prevent emission of the AM signal and prevent AM modulation of the DAC 56 output. 

Fig. 3 is a schematic block diagram of an exemplary railroad warning system in 
accordance with an embodiment of the present invention. The warning system 300 in- 
cludes a pole 305, which is typically mounted alongside a railroad-roadway intersection. 
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The pole may include a flashing strobe light 310 along with a set of crossed arms 315. 
On the crossed arms may be a number of warning lights 325. A series of solar panels 320 
may also be mounted on the crossed arms. In the illustrative embodiment, the solar pan- 
els provide power to recharge battery 330, which powers the novel transmitter 100. The 
transmitter is incorporated into a housing that includes, inter alia, the battery 330 and a 
warning bell 335 to generate an audible alarm when a train is approaching. 

Fig. 4 shows the steps of an exemplary procedure 400 performed by a program 
executing on the microprocessor 90 in this illustrative embodiment. The procedure be- 
gins in step 405 and continues to step 410 where the control transmitter located onboard 
the locomotive send an activation signal to the control receiver located in the dual-mode 
transmitter. The control receiver passes the received command to the control module, 
which then (in step 415) activates the dual-mode transmitter. In optional step 420, the 
control module in the dual-mode transmitter transmits status information to the locomo- 
tive for storage. In one embodiment, the dual-mode transmitter collects status informa- 
tion, such as battery level, error conditions, etc. that is then transmitted to the locomotive. 
The status information may be stored onboard the locomotive's control transmitter until it 
reaches a train station. At such time, an engineer may retrieve the stored information and 
plan maintenance accordingly. 

The selection of the predetermined waveform for the corresponding AM or FM 
band or band segment is determined at step 425 by the microprocessor 90. If the band or 
band portion is in the FM band, step 430, the Phase-Locked Loop frequency synthesizer 
is tuned at step 435 for the appropriate frequency as discussed above. The FM power am- 
plifier 80 is enabled at step 440 and the voice (audio) message is selected and begun at 
step 445. Once the message is played, the control module determines if a completion 
signal has been received from a control transmitter in step 450. If there has been a com- 
pletion signal received, the procedure branches to step 455 where the control module de- 
activates the dual-mode transmitter. At this point the procedure is complete (step 460). 

However, if no completion signal has been received, the procedure continues to 
step 450, where the next set of frequencies is selected. Once the next set of frequencies 
has been selected, the procedure branches back to step 420 and continues. According to 
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the preferred embodiment, the selection of the various AM and FM band or band portions 
is selected in a permutation to provide non-sequential band coverage, yet frequently 
enough to provide a message to all portions of the AM and FM broadcast band. In the 
present embodiment, the transmitter according to the present invention provides complete 
coverage of the U.S. AM and FM broadcast bands within 9 seconds for a 1.5 second mes- 
sage with each of the two bands covered in thirds. 

To again summarize, the present invention provides a dual-mode transmitter for 
use in railroad crossings. An on-locomotive control transmitter broadcast a control signal 
but it is received by control receiver integrated with the dual-mode transmitter. Upon 
activation, the dual-mode transmitter broadcast a predefined voice message alerting radio 
listeners within the reception range of an approaching train to the crossing. A second 
control transmitter, typically located on a caboose or last car of a train transmits a second 
completion signal to the dual-mode transmitters control receiver. Upon receipt of the 
completion signal, the dual-mode transmitter deactivates its transmission. 

While the present embodiment is implemented partially in analog and partially in 
digital circuitry, alternate embodiments which include corresponding equivalent digital 
(e.g. a digital audio memory and/or amplitude modulator, etc.) or analog circuitry (e.g. a 
portion of the control unit, or wave RAM, etc.) are also within the scope of the present 
invention. Modifications and substitutions of the present invention by one of ordinary 
skill in the art are within the scope of the invention, which is not to be limited except by 
the claims which follow. 

What is claimed is: 
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